In this paper, the influence of the toolset size on the formability of the high strength steel formability was analyzed. The formability indexes include the thinning rate and springback. The toolset size analyzed in this study includes die corner size and punch corner size. To analyze the above relationship efficiently, the test design and the FE simulation were employed. At the same time, the optimization method was also used. The response surface method can be used to show the effect of the tool size on the formability clearly. It can be seen from the results that the springback increases with the increase of the radius of the toolset punch corner. And the effect of the radius of the toolset die corner shows slight effect on the springback. The radius of the toolset punch corner is more sensitive for the springback than the radius of the toolset die corner. The thinning increases with the decrease of the radius of the toolset punch corner. And the effect of the radius of the toolset die corner shows slight effect on the thinning, the thinning increases with the increase of the radius of the toolset die corner. In terms of the thinning, the punch corner is more sensitive than the die corner, especially when the radius of the toolset die corner is high.
Introduction
Recently, the high strength steel (HSS) in the automotives has been applied significantly, which is helpful for the environment protection and consumption reduction of fossil fuel [1] . To increase the application of the high strength steel, the formability of the HSShas gained much attention. Yang et al. [2] employed the FE software to study the formability of high strength steel. The material properties including Bauschinger related parameters were considered. The part of the longitudinal beam was used. Hao et al. [3] studied the formability of HSSincluding TWIP and TRIP steels and the forming limit diagram was founded following the experiment. At the same time, the material model was also employed. The test also includes the stamping of HSSpart. The formability for the HSSconsiders not only the thinning of the formed part but also the springback of the final part, because the springback occurs seriously for the HSSdue the high yield strength. And the thinning rate and springback can be optimized using the optimal method. For example Ma et al. [4] studied the thickness and springback of a panel part applied for automotive. The part was formed at elevated temperature. The optimization method and FE model were applied in that paper. The research and optimization method can be referenced for the HSSstudy and optimization. Ingarao et al. [5] analyzed the formability of HSSusing the FE software and simulation. The dual phase steel was employed in this study. The drawing process considers the thinning rate and the spring back. A. Ghaei et al. [6] used the experimental tests and FE method to study the forming of the high strength steel. In this study, the effect of the toolset dimensions on the formability was studied using the test design, multi-objective optimization, and response surface method. The relationship between the springback and thinning rate was obtained, which would be referenced for other related researchers.
The FE Model
There are four main parts in the FE model. They are punch, die, blank holder and blank. The width of the blank is 50 mm and the length of the blank is 550 mm. The material is DP780. The model used the Y-U material hardening model. The Poisson' Ratio of the material is 0.3, and the Young's Modulus is 2.1e5 MPa. The yield stress is 548 MPa, at the same time the tensile strength is 805 MPa. The blank holder force is set as 50 kN, and the punch velocity is 40 mm/s. The thickness of the blank is 1.5 and the depth of the stamping is 50 mm. 
The Design for the Effect Test
The design factors including radius of the toolset punch corner and radius of the toolset die corner were considered. To analyze the effect of the design factor efficiently, the test design method, i.e. Central Composite Design was employed. A range of the design factor was chosen and the employment of the test design can help establish the response surface. The test factors and their levels were shown in the Table 1 . The design of tests was conducted according to the table 2, and the corresponding results were also shown in the table 2. 
Results and Discussion
According to the test results, the response surface for the effect of the radius of the toolset die corner and radius of the toolset punch corner on the springback was established, which is shown in the Fig. 2 . It can be seen from the figure that the springback increases with the increase of the radius of the toolset punch corner. And the effect of the radius of the toolset die corner shows slight effect on the springback. The radius of the toolset punch corner is more sensitive for the springback than the radius of the toolset die corner. The mathematical formula for the effect of the radius of the toolset die corner and radius of the toolset punch corner on the springback was shown in the following formula.
Where, S is for springback; R p is for radius of the toolset punch corner; and R d is for radius of the toolset die corner.
According to the test results, the response surface for the effect of the radius of the toolset die corner and radius of the toolset punch corner on the thinning rate was established, which is shown in the Fig. 3 . It can be seen from the figure that the thinning increases with the decrease of the radius of the toolset punch corner. And the effect of the radius of the toolset die corner shows slight effect on the thinning, the thinning increases with the increase of the radius of the toolset die corner. In terms of the thinning, the punch corner is more sensitive than the die corner, especially when the radius of the toolset die corner is high.
The mathematical formula for the effect of the radius of the toolset die corner and radius of the toolset punch corner on the thinning rate was shown in the following formula.
t=4.9e-5-1.05e-6 R p +2.4e-7 R d +2.9e-21 R p * R d
(2) Where, t is for thinning rate. To optimize the formability indexes, the optimization toolset was employed and applied in determining the relationship between the thinning and springback. It can be seen from the figure that with the increase of the springback, the thinning rate decreases. The line in the figure is the Pareto frontier for the thinning and springback with different toolset sizes. It can be seen that these two indexes are contradictory.
Experimental Validation
The experiment was conducted using the radius of the toolset die corner of 8 mm and the radius of the toolset punch corner of 8 mm. And the experimental part after springback is shown in the following figure and the springback value is measured. The experimental springback value is 44 for the left and 43 for the right. The following simulated result was also measured, and the springback value is 37.89 for the left and 37.33 for the right. The deviation between the experimental result and simulated result is 13.89% for the left and 13.91% for the right, which shown a good predictability of the FE (FE) simulation. Figure 5 . The experimental result after the stamping and springback using the radius of the toolset die corner of 8 mm and the radius of the toolset punch corner of 8 mm. Figure 6 . The simulated result after the stamping and springback using the radius of the toolset die corner of 8 mm and the radius of the toolset punch corner of 8 mm.
Conclusion
1) The springback increases with the increase of the radius of the toolset punch corner. And the effect of the radius of the toolset die corner shows slight effect on the springback. The radius of the toolset punch corner is more sensitive for the springback than the radius of the toolset die corner.
2) The thinning increases with the decrease of the radius of the toolset punch corner. And the effect of the radius of the toolset die corner shows slight effect on the thinning, the thinning increases with the increase of the radius of the toolset die corner. In terms of the thinning, the punch corner is more sensitive than the die corner, especially when the radius of the toolset die corner is high.
3) The pareto frontier for the relationship between springback and thinning can be achieved. It can be seen from the pareto frontier that with the increase of the springback, the thinning rate decreases. These two indexes are contradictory.
